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ABSTRACT 

A newly developed interregional linear programing itciel provides a irethod to 
measure the effect of land use restrictions on soil erosion for use in policy 
anedysis. The Natured Resource Linear Prx^grairaiing Model (NRLP) examines wnat 
Government spends to occpensate farmers for taking fragile cropland out of 
production as a conservation measure. It also enables the researcher to 
cetennine what wculd hu^^pen to regicnal crop producticxi, net returns. 
Government cost, and resource use if alternative land use policies wer^ 
inplenented. A sanple aimysis describes how the model is used in a recursive 
framework to estiitate the effects of inetiring 45 million acres of hi^y 
erodible cropland. 
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SUMMARY 



A newly developed interregional linear progranining model provides a irethod to 
measure the effect of land use restrictions on soil erosicai for use in policy 
analysis. The model examines what Goverment ^)ends to oatpensate farmers for 
tdOdrtj fragile cropland out of production as a conservaticxi measure. It also 
enables researchers to determine what would he^spen to regicnsLl crcp 
producr'lon, net returns. Government cost, and use of land, water, and inputs 
if altaiTiative land xise policies were inplemented. A saitple analysis 
de=3cribes how the model is used in a recursive frainewDrk to estimate the 
effects of retiring 45 million aci\3S of hi^y erodible cropland. 

'Xhe Natural Itesouroe Tf^n^ar Programming (NRLP) model oontains 6 land grcxps, 
105 producing areas, 31 marioet regions, and production activities axisisting 
of a set of crops in rotation under different conservation and tillage 
practices. It evaliiates how vaurious policy actions would affect the 
productivity or erodibility of each land grot?). Policies which can be 
anedyzed with the NRLP iix:lude ocHistraining land use by productivity class, by 
potential damage from erosion, and by geograpiiic preference. 

Ihe model also provides a powerful tool to analyze other soil ocxTservatiai 
related policies. Sinple modifications of the model would enable researchers 
to analyze adtemative land use poJ.icies such as enploying optional 
conservation-tillage practices and integrating soil oonservatiOTi programs with 
ooniTOdity p r ograms. 



Land Use and Soil Erosion 




Wen-Yuan Huang 
Michael R Dicks 
BengtT Hyberg 

Srtvvu-Eng ^ebb 
Clayton Ogg* 



UTIRDDUCnON 



Ihere is a growing naed for informatiOT on soil erosion. Erosion threatens 
the productive potential of soil and cOTtributes to nc»point souroe water 
pollxition nationwide. This technical bulletin documents a model, the Natural 
Resouroe Lii^r Pn^grairining (NRLP) model, ce^jable of iteasuring the effects of 
land use restrictions iiiposed as conservation measures. The irodel's main use 
is to examine Government expenditures required to corpensate farmers for 
retiring potentially ere Jible private crcapland. 

We introdiKJe the model and its \ases and then describe the design of the base 
model. Vfe qjecify the mathanaticsLl fonnalatiOT r^resenting the base model. 
We present the land base data lased in the base model and later describe the 
derivation of coefficients used in the base model. Results of a base run 
solution are presented. We conclude with a discussion of the systau's 
potentieLL educations such as analysis of cropland retirean^ent programs, 
optional oonservaticxv-tillage practices, and integraticxi of soil oc^iservation 
programs with ccrmodity programs. 



Soil erosicxi can be reduced through changes in ending rotations, thrcu^ 
increased use of oonser'atiOT-tillage methods, thrtwt^ more efficient 
management of crop resid , by terracing, and throu^ land use restrictic«Ts. 

The land use restriction optical controls octmodity supply and soil erosion. 
Land use restrictions shift production from hi'^y erosive crops sucii as com 
and so^^Deans to less erosive crops such as hay and timber. One method to 
restrict land use is to oaipensate farmers for the nee income they forego from 
setting aside acreage. Ifet income foregone varies frtm rogicai to region and 
among types of land within regicsis. An estimate of foreg<x>e net income is 
needed to cadculate Government program costs. The NRIP can make those 
cedculations, and it can adso examine the effects of resource use and 
producticMi activities. Researchers can then use this information to ccnpare 
alternative land use restricticMi possibilities. 



*The authors are agricultural econcniists in the Economic Research Service, 
U.S. Department of Agriculture. 
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MDDEL DESIGN C3OTE3«U^ 



The irodfcil's main use is to exainine Government expenditures require to 
ociipensate fanners for retiring hiciilv erodible 

ocnpensation due a landowner is the foregone net returri'to liid ai^'maragement 
if the lard is idled or us«l for other- econonic purposes. Data showing 
current rescuroe uses are needed to determine the effects of inplementing 
resouroe policies. Ihus, a model designed to analyze land use restriction 
cptions should have the following featui^s: 

(1) A detailed lancJ. grct^jing to differentiate crcpland quplity among 
regic»Ts and different kinds of land. 

(2) Ihe ability to sintdate relations between producrticn and resource 
uses. 

(3) The capacity to calculate marginal and average rent for lands of 
different quantities used in crcp producticn. 

(4) The ability to examine alternative methods of restricting land use. 

The first feature requires a land base that reflects the level of soil ertssion 
for eadi type of land in each region. It also differentiates fragile land 
fran other cropland. Fragile land in this study is identified as crx»land 
having physical characteristics not conducive to annual crop production. 

An irportant Government task is to determine a least-cx)st method to induce a 
land use shi ft toward land conservation. Such a shift would be cxxiverting 
fragile cropland frcm intensive crop producticn to hay or pasture. An 
cptimization method is needed to aoocrplish this task. A profit-maximizing 
linear programning model is ad^ at solving a problem of this type. The 
model will have an objective function defined to maximize net returns to land 
and management. 

TheseoOTd and third features can also be satisfied by a mathematical 
prograitmng model. The NRIP model therefore was designed to incorporate these 
features. The model, for exanple, ^jecifies relationships between output 
(production) level and input (rescurces) uses by a system of equality and 
ineq-ality restraints. The cptimization procedures prxxJuoe a marginal erd 
average rent for each resource. 



BASE MODEL OVERVIEW 

A model design^ to evaluate the effects of elcemative policies should 
reflect wide regional variations in climate, soil, and crap production 
practices. We therefore designed a base model that divides the 48 contiguous 
States into 105 producing areas (PA's) , based on the Water Fesourt:es Council's 
Aggregated Subareas (ASA's) (fig. i) . 

Figure 2 shows the base model on viiich the NRLP model is patterned. 
Activities built into the model include croppuvr practices, crop selling, and 
nitrogen fertilize!, purchase. A set of rotations define the cropping 
practices. The set of rotaticais are decisioi variables determined by crop 
type, OOTservatioi and tillage practices, land grot?) variations, and regional 
differences. The set of rotations arc related thrxju^ a set of production 
restraints vrfiich include land, ocmmodity, nitrxsgen fertilizer, tillage 
practice, soil loss, and water use. PA, land type, and crt^ type are used to 



Figur* 1 



The 105 producing areas of the continental United States 




assign values to restraints. Each crop has an associated upper bound on total 
prcxJuction possible for a given year. 



NRIP MM3EL STRUCTURE 

The NRIP model quantifies the relaticxiship between crop production, resource 
use, and profitability using profit-maximizing criteria. 

Cfciective Function 

Ihe objective function in the NRIF model is to maximize the returns to land 
and product icMi manageanrttnt. This specific objective function is used because 
the returns represent the revenue that farmers forego vtien they restrict or 
set aside cropland. 

The objective function is specified by: 

Max Z = Z Z Pij Qij - E S 7 E CDij^ XDij^^ 

i j i k m r 



- Z S E E Cl^ Xlijonr - 2 NPg (NPg + NR^) 
i k m r s 

= 1, . 105 for the producing areas. 



(1) 
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Figur* 2 

Schematic representation of the bate model 
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1, . . . , 10 for the follcwing crqps in sequencse: 
com grain, sor^xm grain, wheat, oats, 
bsurley, soybeans, <xtton, legunve, hay. 



in 
r 



= 1, 
= 1, 



6 for land grotps. 

12 for ocaiservation and tillage pre.ctices. 

Rik for possible rotaticais defined for production 
area i and land group k. 

28 for the mrket regions. 



\Aiere: 



-ij 



the price of crop j in producii^ area i. 

the quantity of crop j produced in producing area i. 



^{^)ikinr = ^ ^cre for rotation r with conservati-^-tillage 

practice m in land group k for dryland (CD) and irrigated 
land (CI) in producing area i. 

^^^)ikinr ^ nuirber of acres in rotaticxi r with ocaiservaticxi-tillage 
practice in in land groqp k for dryland (XD) irrigated 
land (XI) in producing area i. 

NPs = price per pcund of nitrogen fertili:.er in market region(s) . 

NF(NR)s = quantity of nitrogen fertilize:- applied to dryland (NF) and 
irrigated land (NR) in market region (s) . 

Producticxi costs for dryland (CD) an' irrigated land (CI) exclude costs of 
nitrogen fertilizer, land, and management. 

ProductiOTi and Resource Restraints 

Regional product iai and resource restraints are used to relate prevailing crop 
production activities to resource uses. The producticMi restraints provide 
limits on the possible distributicai of ccranodity production fran rotation Rik, 
using ocMiservation-tillage practice m on lend groip k in producing area i. 
The restraints are obtained frow both State, and national data, described 
later. The resource restraints set the maximum resource available for crop 
productiOT in eacii land qixxf) in each region. They are used to limit the 
acreage of each crop for varioiis policy analyses. 

ijcind Restraints 

Crcpland in pmducticxi is limited by cropland available in each producing 
area. 

Dryland regions have land restrictions as: 



m r 



(2) 



Mi 



TIrrigatad regions also have land restrictions as: 

^ ^ ^ikmr < ^hy: 
m r 



(3) 



vrfiere: 



DLjj^ = the number of acres of dryland available in lard group k 
in producing area i (i = 1, . . , 105) . 

ILjj^ = the nuntoer of acres of irrigated land available in land 
grxxp k in producing cjnea i (i = 48, . . , 105) . 

QcOTicditv Balance Rows 

OoKTodity prcduction in each rogion is oottputed in the following way: 

2 2 S Ai,^ XDijonr ' S Z i: bi^mr XlUorr " Qij = 0 

k m r63 km rej (4) 

vAiere: 

Aikmr = yield for crop j in rotation r using conservatica and tillage 
practice m on land grcAjp k in producing eirea i 
(B = irrigation yield) . 

Crop Production Bounds and Acreage Constraints 

Both production bounds and acreage constraints provide a tool to restrict crop 
production in each producing area. T^ie production bound is: 

Qij < QBij (5) 

where: 

QBj^j = the maximum quantity of crcp j produced in producing area i. 
Ihe acreage constraint is: 

Z Z Z Wij^ YD^^ + Z Z Z Vj^ Xlij^ < XAi^ 

k m r63 km rej (6) 

where: 

'^(V)ikmr = ^ fraction of dryland (W) and irrigated (V) acr^ for crop j 
in rotation r using cc»iservation-tUlage practice m on land 
grcxp k in producing area i. 

XAj^j = the maximum number of acres of crcp j in producing cu:iea i. 

Nitrogen Fertilizer Rc^ 

Nitrogen fertilizer use in each producing area is calculated separately for 
dryland ard irrigated crcpland. ihe use on dryland is calculated as: 



ERLC ^ ^ 



S S Z Z Fijonr yD^^ - NFs = 0 

i€s k m r ( 
Pgiftilissz* c** iiri-^stsd cropland is csiculct't^d 
2 2 S E Fijonr ^ S S S S Guanr XliJanr " 

ics k m r its k m r («) 

F(G)iw. = nitrogen fer^.lizer needed to produce dryland (F) and 

irrigated (G) crops in rotation r with conservation-tillage 
practice m on land grcfop k in producing area i of market 
region s. 

Tillac ^ P ractice Rcws 

'me use of conservaticHi-tillage practices is restrict/id in each producing area 
ty thL equation: 

Z 2 XDijQur- + 2 S XIi}QjQ- ^ TAij^j 

k r k r (9) 

where: 

= the nuittoer of acres using conservation-tillage practice m in 
producing nrea i. 

Res - ^ 3 and Input Use Aocxxintinq Rc^ 

The accounting rows are used to track resource and water uses for a given 
production pattern. These rows are ccxwerted into constraint 5 for some policy 
anadyses. 

Soil loss is calculated as: 

Z 2 Sijonr ^Diknir + ^ ^ ^ij^ Xlij^nr = 

m r m r (iO) 

where: 

S(T)ikinr = is rmter of tons of gross sell loss per acre resulting 

frxm Che production of dryland (S) aid irrigated (T) crops in 
rxrtation r with conservat-^on-tlllage practice m on land grc^ 
k on prouucing area i. 

Sljj^ = soil loss on land group k in producing area : 
Water use is calculated as: 
L 2 E Uikmr ^^iknir = ^i 

k m r y-^-^) 
v*iere: 
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"Uonr - acre use of water for rotation r losing conservation-tillage 
practice m and land qpcaop k producing area i. 

WTi = «Miter use in producing area i. 

ESTIMAnON OF AVAIIABEE lAND 

The amount of land available for agricultural production is one of the roost 
iinportant restraints in the model. We u&xl 198? National Resource Inventor/ 
(m) dafc" to estimate both current and potential aropland available in each 
producing area. The 1982 NRI provides crop acreages by county, reflectim 
1982 cn-p year land use patterns. We aggregated the acreages in each 
producing area for eacSi land group, assorted by dryland or irrigated land. 

Land Grcup D elineation 

Crcpland acres in each producing area are aggregated into six land grxxms 
according to ^ific criteria (table 1) . The land capability class sySem 
(7) V served as our method for aggregating crop acreage data into eight 



V Underlined numbers in parentheses refer to literature cited in the 
References secticai. 



Table 1 — Land gxxxjp delineaticai 



Land 
crroup 


Land caoabilitv class 


Erosion 
tx>tential 


Average 
crco yield 


1 


I 

Ilwa 1/ 
Illwa 


Um 


High 


2 


IIw, lis. He 
IIIw, Ills, Illc 
IVW, IVs, IVc 


Lew 




3 


He, RKIS < 50 
Hie, RKLS < -50 
IVe, RKIS < 50 


Medium 


Medixjm-hi^ 


4 


He and Hie 

RKLS > 50 


Hi^ 


Lcw^medium 


5 


IVe, RKLS > 50 


Hi^ 


low-medium 


6 


V 
VI 
VII 
VIII 


Medium-high 


ICM 



y Suffix denotes dcriinant limitation: c = climate; e = erosicai; s = 
shallow, draughty, or stony soil; w = wetness; vra = wetness, but adequately 
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capability classes (I-VIII) . We further identified these classes by the 
dominant limitation to continuous crop production, such as erosiai, wetness, 
stony soil, and climate. Ihe land capability classes and subclasses were then 
eiggregated into land grot^js based on yield and RKtS values. 

The RKLS value, vihich represents the physical characteristics of the soil (5) , 
was obtained by sairple point from the 1982 NRI.2/' The MKES value reflects 
erosion potentied. Crop acres with PKIS values exceeding 50 are assumed to be 
hi^y erodibie. We made the assunption that cropland in each land grwp 
would have approximately the same level of crt^ yield and erxDsicai potential. 
Wte therefore oonbired the land capability class system with the FKtS measure 
of erodibility. The cropland in land group 1 oowbines acres with the 
caqpability class and subclass I, Ilwa (viiere wa means adequately treated 
wetland) , and Illwa. Land groip 1 has lew erosion potential with hic^ average 
crop yields. Cropland in land group 2 includes crop acres in edl subclasses 
of land ceqprbility classes II, III, and IV ew^ept e and wa. Grcwp 2 has lew 
erosion potential and relatively low crop yield. Cropland in land grwp 3 
includes crtip acres of subclasses He, Hie, and IVe which have RKES*s of less 
than 50. land grotp 3 has medium erosion potentied with relatively hi^ crop 
yields. Ihe fourth land gracap consists of crop acres in capability classes 
He and Ille which hrive an RKLS exceeding 50, while the fifth land groi?) 
ooitains cropland in capability class IVe v*iich has an RKIS exceeding 50. 
Uuis land groi^ 4 and 5 have hi^ erosicai potentied but sli^tly lower crop 
yields than those of land group 3. Land qroap 6 consists of cropland in land 
c^jability classes V, VI, VII, and VIII. This groif> defines fragile land. It 
has the lowest crop yield and medium to hi^ erosion potential. 

current Cropland 

Current cropland available in each land grot?) and producing area is defined as 
the sum of the crop acres of the following 12 crops: com, com silage, 
solium, sor^um silage, so^Deans, cotton, v*eat, oats, barley, suitmer fallow, 
legume hay, and nailegume hay as determijied in the 1982 NRI data. T&ble 2 
presents a naticy^'d sunmary of aggregated crop acres of these 12 crops in eadi 
land groqp. Uie distribution of cropland acreage by land group in each region 
is used as the i^jper bound restraint for the KRLP base solutiOT. Ihe crop 
ocxistraints are defined at the natic»ial, regional, and producir^ area levels 
of aggregaticai (see equation 6) . Crop acreage bounds are initially detemdned 
by the crcp distributions based cm the 1982 NRI. These crop distributions are 
adjusted proporticaiately to arrive at the actual natiwial acreage for the 
period being analyzed. However, the crop acreage bounds at eadh level of 
aggregation may be rela>^ as a requirement of the analysis. In analyzing 
vAiat effects a policy will have, for exairple, the analyst may relax the land 
coistraints to allow for interregional shifts in production. Otherwise, the 
analyst is forcing the future to r^licate current regional crop 
distributiors. 

Potential Cropl^uxi 

We obtained estimates of acreage that can be converted from pasture, range, 
and forest lands to cropland from 1982 NRI data. Ihese acres are identified 
as having either hi<^ or medium pot^itial for conversion to cropland. The 



2/ A detailed definition of RKIS follo^^ in the next section of the r^rt. 



conversion cost is usually Ic^aer for the high-potential land. Table 3 shows a 
suninary of the naticxial acreage with medium and hi^ conversion potential for 
each land grxxp. Vfe then omstructed, for use with the model, the 
distritutioi of potential crc^land by producing area and land grotp, for both 
irrigated and dryland acreage. 



(3RDP Ffmjcira! and hrdeuctioj- 

REXAIED CDEFTICIEMS 

topping practices represent the crop production activities in the model. A 
cropping practice is defined as a sequence of crops, known as a rotation, 
produced cxi a defined land group in a prcxJucing area using a ^)ecific tillage 



Table 2 — Summary of national crc^iand by land groap 1/ 



Land 


Dryland 


Irrioated 


Total 






1.000 acres 




1 


58,037 


9,690 


67,727 


2 


86,284 


15,746 


102,030 


3 


142,071 


15,837 


157,908 


4 


21,115 


218 


21,333 


5 


8,976 


268 


9,244 


6 


13,991 


2,214 


16,205 


Total 


330.474 


43.973 


374.447 



1/ ^creage represents the following crop acres in the 1982 NRI: com {grain 
and silage), soilDeans, cotton, vAieat, oats, barley, scr^bean (grain and 
silage) , summer fallow, and hay. 



Source: 1982 National Resource Inventory. 



Table 3— Suninary of national acres with a medium or hi^ conversion potential 



Land 


Medium potential 


High potential 






for ocaiversiOTi to — 


for conversion to — 


Total 




qroup 


Drvland | 


Irriqated 


Dryla'iTd | 


Irricrated 


Drvland 1 Irrioated 








100 


acres 






1 


8 722 


195 


5,307 


222 


14,028 


417 


2 


25,997 


851 


7,831 


425 


33,828 


1,276 


3 


46,383 


534 


15,427 


260 


61,810 


974 


4 


10,973 


6 


2,695 


2 


13,669 


8 


5 


5,700 


2 


620 


0 


6,320 


2 


6 


12,820 


161 


1,389 


56 


14,209 


217 


Total 


110.5/- 


1.748 


33.268 


966 


148.863 


2.714 
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and soil oonservation prac±ioe. Hie irodel includes 12 crocs ! barley, com 
grain, ocjm silage, C5otton, legume hay, nonlegume hay, oats, sorc^um, sor^um 
sil£ige, soybeans, suniner falicM, and Jtiheat. Each rotation is described by a 
set of not more than four crops, Ihe iwDdel aLlso oc»Ttains 12 possible tillage 
and conservation practices. Each practice is a combinaticxi of one of three 
tillage methods (fall plow, ^ring plcw, and minimum tillage) together with 
one of four field practices (straicfit rcw, ccaitour, strip, and terrace) . 

Each cropp ing practice has an associated set of coefficients reflecting crop 
yields, production cost, soil loss, fertilizer requirement, and water use. We 
estimated each coefficient. Estimation methods follow. 

Crop Yield Ooef f icients 

The base yield for each crop is adjusted depending upon a number of factors: 
the rotation in vAiich the crop occurs, the land gnxp on \Aiich it is produced, 
the oonservation and tillage practices used to prcxJuoe it, and the producirig 
area in vMch it is grown. These adjustments are ccnbined to produce the 
yield coefficients. The actuad yield for each crop determined in the model is 
estimated in two stages. In the first stage, analysts determine the base 
yield by using the modified Spillman functions developed by Stoecker (10) .3/ 
The Spillman function estimates the base yield related to fertilizer 
application level as the product of the various yield adjustmaits. In the 
Fooond stage, analysts adjust for crop rotation by follc^/ing the process 
outlined by English and others Q) . That is, vdien a crop occurs in rotatic^ 
with a legume crop or sumoer fadlow, the yield is adjusted iqpward. Hc^ever, a 
continuous rotation of a nutrient-intensive crop such as com or vAieat means 
that yield mist be adjusted downward. The oonservatic^ and tillage practice 
adjustment is based on yield and tillage data obtained from the U.S. 
D^artment of Agriculture's Soil Ocaiservation Service (SCS) questicxinaire. 
Mjustinents for the land group and producing area are achieved by first 
creating a productivity index. 

Productivity Index 

Tl)e productivity index provides the relationship between the physical 
characteristics of the land and its land capability class. The index is used 
to adjust the yield coefficient based on vAiich grotp and in vhich producing 
area the crop occurs. Estimating the productivity index is carried out in 
tnree steps. 

Fr w, productivity is indexed by land capability class and producing area. 
The i^KIS vedup, corresponding to each land capability class is estimated from 
the 1977 NRI. This estimate provides a productivity function that relates 
crop productivity to RKLS vcLLues for each producing area. 

Second, the RKIS vcdues for each land capability class are aggregated to 
produce weic^ted RKIB values for each of the six land groups. The RKLS values 
for land groips 3, 4, amd 5 are then confuted. For land group 3, only those 
acres in land capability clc:sses lie, Ille, and IVe with RKLS values under 50 
are used in the aggregaticm process. For land group 4, only those acres in 
land capability classes He and Hie with RKLS values exceeding 50 are used. 
For land group 5, only those acres in land capability class IVe with RKES 



3/ Each State has a modified Spillman function. 
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values greater them 50 are used. Ihe RKIS values are weighted in the 
aggregation pnxsess by the acreage associated vdth each NRI point estiraate an 
each lard capability class and then ocnbined with the land grxxp. ihe result 
is an average RKLS x-alue for each of the six land grot^is in each producing 
area. 

Third, the products of the first two st^ are oonbij>ed. Correspor^dn^ to an 
average RKIS value, a productivity index for each crop in each land grot?? and 
in each producing area is obtained from the relation between crop productivity 
and RKIS value. Tne productivily index is then used to develop the final 
yield coefficients. 

Producticai Posts 

Production costs are estimated using the Finn ^ Tterprise Data System (FEDB) . 
Total production cost*, for each crop exclude ousts of land and management. 
Productlun costs are weighted from the FIDS regions to the producing area. 

Total production costs for each crop are broken into four major cost 
categories (machinery, labor, pesticides, and other costs) and four other 
experee items (nitrogen fertilizer, other fertilizers, water, and terracing) 
(3) . Ihese costs* are adjusted for oaxtouring, strip cropping, and terracing. 
Smllar adjustments are made for tillage practices. Ihe difference in farming 
time between conservation and tillage preK±ices, surveyed by SCS, provides the 
basis for adjustments. Terracing construction costs are calculated fixni SCS 
data (S) . Production costs for a crop rotation are the sum of the weighted 
cost occponents of all crops in the rotation, ihe average cost of irrigating 
is then added to confjute final producticxi costs for each rotatiai carried out 
in irrigated areas. Water costs were obtained from wci^ted prices of surface 
water and ground water. 

Surface-water prices are acreage weighted, average reimbursable costs of the 
U.S. Department of Interior's Burbau of Reclamatioi water projects. Grx3und- 
water prices were based on values determined by Dvoskin and others (2) . 

Prices of nitrogen fertilizer for 31 market regions were derived frcro nitrogen 
prices normalized across states. These, in turn, were weighted by the 1974 
Censos of Agriculture's State and county oocmercial fertilizer use data (13) . 

Soil Loss 

The Universal Soil Loss Equatioi (USI£) was usea to estimate the gross soil 
loes coefficient for the NRIP model. Gross soil loss r^resents the average 
an.uaal txsns of soil displaced by water runoff. 

The USI£, as described by Wisdimeier and Smith (15) , is expressed as: 

A = RKISCP ^12) 
vhere: 

A = annued soil loss in tans per acre 
R = rainfall and runoff factor 
K = soil erodibility factor 
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L = length of slope factor 



S = steq)ness of slope factor 

C = ocver and management factor 

P = tillage practice factor 

The valiie of RKLS for eacn sarrple point in the PA is imiltiplied by a 
proportion of its representative eunea per land groip in the PA. Ihe result is 
a wei^ited RKIB for each land group in each PA. These newly oarputed values 
of RKDS, together with the rotation and its oorre^xaiding C and P factors, are 
used to ocnpute the soil loss coefficient for each cropping practice. 

water and Nitrogen Fertilizer Uses 

Crop rotations with an irrigation activity occur in PP 's 4C-in5. Each of 
vhese rotations has a water use coefficient. The water use coefficients are 
based on estimates of the net diversion water requiresfnent for crop growth. A 
net diversion requirement (NER) for crops in PA i is estimated from the 
equation: 

NRDij = [(l-RFi)/{IEj) (DEj)] CIRij (13) 
where: 

CIRij = the quantity of water required in producii^i area i by crop j , 

lEj = the onf arm irrigation efficiency of crop j . 

DEj = the delivery system efficiency between the diversion point 
ard the farm for crop j. 

PFj = the percentage of water unused by crop j ^*iicSi is returned for 
reuse. 

The parameters required for estimating NERij were derived xrorn SOS data (11) . 

Nitroger. fertilizer use coefficients were defined by tte net amount of 
nitrogen fertilizer required for a crop rotation. Ti)e coefficient is derived 
ty solving the marginad condition in the Spillman function in estimating the 
crop yield for a rotation with legume crops. The nitrogen requirement 
estimated frcro the Spillman function is then subtracted from the quantity of 
nitrogen that legume hay produces during rotati<xi. The amount of nitrogen 
legume hay produced is estimated with the method Niool and Heady developed 



XNimronancNs of the nrdp base soiuna^ 

Several outputs of the NRtP base solxiticai for 1982 are useful for analyzing 
the iitplications of retiring or restricting the use of cropland. Marginal net 
return (MR) and average net retun^. (AR) for retiring 1 acre of land are two 
iirportant pieces of informaticxi that can be obtained from the output. We 
pres^it an inberpretatiai of these two estimates in a saiiple land use 
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restrictiop policy. We will use only two producing areas (PA's 41 and 42) 
and twD crops (com and soybeans) to siitplify the exaitple. 

The Ti?icrra]Tiia^ fVinr^irn r\€ a r-cu4tv^^ mdtd t*v^^i ^ 

^ i — ^ ^ ^ >-.^v*v-.-iw-^ luUCl&X ^.XAAi ' — — - . — --- 



F = Z - 2 E (E XDijQ. + SDL^ - TSL^^) 

i k r 

- EE ^ij ( E E E Aijora: ^Diy^nr " Qij> 
13 k m r 

- EE Mij (Qij + SQij - QBij) (14) 

vAiere a^y^, pj^, and Mik are the lagrargian nultipliers and where SOLij, ^ 
SQij are slack variables. Values for these multipliers and variables can be 
obtained fron the base solution. 



Because the model is linear, a global optimum is guaranteed if the Rjhn-Tucker 
conditions are satisfied. Ihe Kuhn-lUcker conditions are obtained by setting 
the partial derivative of the lagrangian function at zero. 

Marcfinal and Average Net Returns 

Uie base rm soluticy. produces two iuportant estimates v*iich are used to 
analyze various land use restriction policies. Ihese are MR and AR for 
retiring 1 acre of land in each land grot?). 

Hie MR is calculated by: 

dZ* / dDLix = o*ij, (15) 

\*ere Z* is the objective functiai evaluated at the optimum solutioi, vAiile 
a is the lagrangian laultiplier et tl-j optimum. The value of a*iy. 
^roximates hcw^much the net return will be reduced from tne objective 
function value Z if l acre of UUy^ is removed from crop productic»i. I^le 4 
shews margined net revenues for PA's 41 and 42. 



Values in table 4 can be interpreteu in the following way. ihe last acre of 
land grcx?) l brings in a net return of $215 in PA 41 and $221 in PA 42, given 



Table 4— Sample marginal net returns for an acre of cropland 



Land group 



PA 41 



PA 42 



Dollars 



1 
2 
3 
4 
5 
6 



215 
122 
175 
165 
134 
73 



221 
137 
189 
158 
134 
33 
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the crop production system the model describes. Ihe MR values show that 
farxBland in PA 41 and PA 42 generally is oonpsurBble. 

AverEoe dryland net return (AR) can be calculated frcm: 

ARijK - (2 E (AucnrXDijkmr^ij " CDijjanrXDijkmr) ^ - 2 XDijj^ (16) 
m r m r 

Table 5 shows the AR for producing com and soybeans in each of the six land 
groi^ within EA's 41 and 42. Ihe values can be interpreted in the following 
way. One acre of land groap 1 in PA 41 will bring an average net return of 
$248 for ^/rowing com and $166 for growing soybeans. It will bring $226 for 
growing ooom and $165 for grcwing soiteans in EA 42. Com produces a hicfier 
average net return than sojiDeans. The valvies also shew that the average net 
return for com in PA 41 is oonparable to that in PA 42. Oonparability holds 
for soybean production. Negative values in land group 6 for saftyear^ in PA 41 
and for both crcfjs in EA 42 indicate that it is unprofitable to produce either 
crop on cropland defined by land grtxp 6. These crops enter the solution 
because they are planted in rotation witn other profitable crops. 

Another estijnate this solution goierates is the xnargiiial net ret»jm per unit 
of production (MRP) /x^ j . Ihis variable measures the net returns f rxxn reducirg 
one unit of janoduction of a qjecific crop in each PA. 

Ihe relationship between /3i j , Pij , and Mij can be derived by taking the 
partial derivation of the lagrangi^ fimction F with repeat to Qi j . 

The equation depicting the relationship is: 

'^ij " Pij ^ ^ij (17) 

Ihe value of Pij for com in PA 41 is $3.08. Thus, reducti<xi of the last 
bushel of com will reduce the net return $0.20 (M4i/ij/ vAiidi is the 
difference between the com price of $3.08 and its opportunity prtxlucticxi ooct 
of $2.88 (^41/ 1) . The corresponding amount for PA 42 is = 0/ because 

P42'l " ^42'1 " $3-21. Since MRP is zero, a reduction of om unit of com in 
PA 42 will not reduce the net return firan com production. 

Uses of Marcfinal and Avei-age Net Returns 

The MR estimated the net return to the last piece of land of a particular land 
gnxjp entering into crop production without targeting a ^)ecific crop. The AR 
calculates the average net return for growing a ^)ecific crop c»i a i^)ecif ic 



Table 5— Saitple average net revenues 



Land cqxuD 


PA 41 


PA 


42 


Com 


1 Soyfceans 




Com i 


Saytxtars 








Dollars 




1 


248 


166 




226 


165 


2 


136 


94 




123 


95 


3 


191 


136 




178 


141 


4 


179 


123 




138 


112 


5 


145 


94 




107 


89 


6 


0 


-7 




-1 


-8 



land group. The narginal net return per unit of production (MRP) cxmxites the 
net return for producing the last unit of a specific crx^p. ' ' *~ 

TheJfR, in a land retirement study, can be used as an apprxx«±r.^ticn of the 
f crecpne net return arter retiring 1 acrr of land under the 1982 cropland use 
Fattem in a region. Ihe AR provides an a^jproxiinatiOT of the foregone net 
return for retiring an average unit of cropland in which a ^Kcific crtjp is 
grown. The AR nay also accurately estimate the relative per acre Government 
payment necessary to induce farmers to reduce acreage of ^lecific crops, ihe 
MR? provides an estimate of the payment to a foim for reducing one unit'of 
production of a qiecific crop. A farmer in PA 41 should receive 20 cents for 
reducing the last bushel of com production frcrn the 1982 level, while a 
farmer in PA ^2 should receive no payment for the same acti«i. ihus, these 
values provide useful estimates for designir^ lanC use programs, especially 
st^jply control programs. ^ 

Calculating Gnvtyf.^r,^ On ct for Land Use Restriction Op tinnfi 

Hew nuch it costs the Government to induce land use changes can be calculated 
under bid or offer systans. It is assumed, under a bid system, that prxxJuoers 
submit bids representing Jie minimum paymatt required to ocnpensate them for 
any loss of net returns resulting from land use change. The foregone net 
return for reducing each parcel of land thus equals the bid. On the other 
hand, a ^)ecific per acre payment is offered to all farmers urier an offer 
system, and they may enroll as many acres as they wish at the i.ayment level. 
Figure 3 shows the relationship of the total Government payment under the bid 
and offer systems. Total Government payments for land retirement under the 

Figure 3 

Government payments under bid and offer systems 



Net returns 
per acre 
(dollars) 




Acres reduced 
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bid systan are represented by the area ABIS:. Total Government payments are 
represented by the area ACEE under the offer system. The figure clearly shows 
that the Government cost for retiring land is edways less under the bid system 
than under the offer system. 

Government cost, ceLLculated under the bid system, is the sum of the foregone 
marginal net return for each piece of cropland retired. Because crcpland is 
aggregated by land group for eac*i producing area, the aggregated acres of a 
j^)ecific land gixtap are assumed to e^roximate the margined net return. The 
sum of all the net returns by land grotp and PA produce an estimate of cost 
under a bid system. 

The following ?ssunpticxis are required to estimate Government cost for a 
short-term land retirement optical under a bid system: (1) No additional 
administration or other costs are required for ircplementing a land retireneait 
program, (2) Retired land is paiu for according to its margined net return, 
(3) Producticxi patterns wxll not change, and (4) Retired land is not put to 
other productive use or eccxxnic gain. 

The model allcws for adjustments in cropland lase v*ien users are examining 
Icng-term land use restricticxis. Farmers in long-term land retirement 
programs may be allcwed to put the retired cropland to other eomomic use* 
Use of the bid system for csdculating Government cost for long-term land 
retirement requires the following assunptions: (1) There are no 
administrative or other costs for implementing land re^"ijpement programs, (2) 
The net profit situation assumed in the base mode will not change, and (3) 
C^imal cropping patterns are used in each region. 



;^ppLrcanoNS and imfrdvememis 

The NRIP model has been used to examine three methods of retiring land aimed 
at reducing crop producticxi (14, 9) . Tt^ first method was the least- 
Government cost method. This method retired marginal land in each region to 
achieve a ^lecific level of productic»i cutback for the minimum Government 
expenditure. The secOTd method targeted fragile land. ProductiOTi was reduced 
by targeting only land groi?)s 4 and 5 (which have the most sheet and rill 
erosion) aid land grxxp 6 (viiich is fragile land) . A third method used the 
1978 program pattern. Production was reduced by cutting back output in each 
producing area fcy follcwing the Government's 1978 pattern of acreage diversion 
and set-aside. 

The model has also been used to evaluate production and coiservation effects 
of St>ecial long-term land use re "irictions, v*iereby permanent easements were 
purchased . 

The NRUP model provides a pcwerful tool for ancdyzirg other problems related 
to soil conservation policies. Siiiple modifications to the model will enable 
researchers to analyze alternative lard use policies such as cropland 
retirement programs, optimal coa^^ervation-tillage practices, and integrating 
soil COTservation programs with ccmodity programs. 

Land Retirement 

Vaxr^r lang-term land retirement programs can be anadyzed with a mcxiif ied base 
model, usually achieved by eliminatirig, adding, or revising the restraints 
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between caxp produc±ion and resouroe supply. Data can be revised and ipdated 
to reflect the long-term dianges in productivity and profitability. Sane of 
the long-tenn probleras that can be anedyzed are (1) IcaTg-term conversion of 
cropland to other uses, (2) Icxig-tenn effects attributable to soil erxDsic^. 
and (3) efficient allocation of limited Government resources for long-term 
soil conservatiai. 

Many short-term land retirement programs can also be anadyzed by using a data 
base system developed fran the 1982 soluticxi of the base iicdel. The data base 
system provides detailed information such as current producticn cost, crop 
yield, soil erosion, and crop prices for crop acres of each land groip in each 
producing area. Cost and consequences of various short-term land retireaent 
programs can be evaluated annuedly. Some of the prograr ; that can be analyzed 
are: (1) strategies for retiring fragile and marginal lands, (2) interaction 
between ooranodity and soil ocxjservatic^i programs, and (3) dynamic allocation 
of limited Govemraent resources to reduce soil erosion. 

Tillage and Conservation Practices 

Soil erosion on some erosive land can be controlled by using different 
conservation-tillage practices. Conservation-tillage practices are a 
oowbinaticMi of the following six elements: 

(1) TyP^ of tillage equipment (moldboard or disk plow) used, 

(2) Time of tilling (spring or fcdl plowing) , 

(3) Intensity of tilling (nuirber of times plowed) , 

(4) Crop residue management (removed or left) , 

(5) Type of tillirg practiced (strai^t, strip, contouring, or 
terracing), and 

(6) Crop sequence (rotation) used. 

Evaliaating each oowbinaticai of practices on various land groqps and prxxJucing 
areas is very iitportant. Each land group is likely to have a set of "best" 
practices suited to its potential for soil oonservatic»i and crop productiOT. 

Because the production activities and conservatic»i-tillage practices used in 
the base model are defined similarly, the base model can be used as an 
evciluation tool. Any activity can be preselected and built into the nodel so 
that a particular set of practices targeted to various land groups can be 
c^raised. 

Program Intecrration 

Consistency between Government coranodity programs and soil conservation 
programs is vit£LL. Oomodity programs need to be assessed on the basis of 
their cost and soil erosic»i ccaisequences. Any newly developed soil 
oonservaticn program also needs to be evaluated for its effects on farm 
inooroes and ooisumer e)?)enditures. A program that leads to a desired level of 
caitnodity production v*iile being consistent with soil conservaticai goals is 
hic^y desirable. 
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The NRIP model provides informaticn on crop production, producticm cost, net 
return, and soil loss on each piece of land in each land gxxxp in each 
producing area. Data ocntained on plowing activities, potential citipland, and 
land resouroes can te used to evaluate hew change in prcducticn subsidies 
will affect conservation. The model can easo be eqpplied to studies of supply 



One application of the NRIP model is to examine resource use of current crop 
production in each of the 105 pruiucing areas. The estimated current crop 
production is iitposed on the NRLP model in each producing eunea to achieve this 
objective. But, there are problems associated with this ^roach. 

Some minor crops are omitted in the base model, resulting in an underestimate 
of resource use in each producing area. This shortcming, however, can be 
overocEss by abiding the production activities of minor crops to the producing 
area. 

The optimization method, rather than actual land use patterns, determines vAiat 
cropland is used in each PA. The optimization method assigns acres in each 
land gxxxp to various crops so that net returns in each PA are maximized for 
the required crop production levels. Although production levels are 
equivalent by definition, the difference between the land use estimate in the 
model and the actual land use pattern in 1982 can be significant. The 1982 
NRE data can be used to adjust the estimates for analyses that do not require 
optimizing runs of the model. 

Potential problems may also exist with the data base used to build the model. 
These data need to be examined and iirproved. Productivity index data should 
be conpared with the results obtained from productivity models such as the 
Erosion Productivity Ijipact Calculator (EPIC) . Production cost data require 
constant updating, particularly those costs associated with various tillage 
and ounservation practices. 

Since there are many ways to define fragile land, it is possible that each 
regiai may have different ypes: wetlands, wind erodible, and water erodible. 
The data base should be designed to acccminodate policies focusing those 
ti'pes. A researcher, by manipulating the data base, will be able to build a 
new land base, calculate productivity indexes, and oonpute producticMi costs 
for the analysis of a qpecific land use policy or policies. 

The limitation of the NRIP model stans from the assunpticxTS of a linear 
prograniaing model. These assuropMons are proporticxiality, additivity, 
divisibility, and certainty. Proportionality assumes dependence between 
production and other activities tlie model contains. The use of each resource 
and the effectiveness of a productioi activity are directly proportiOTal to 
the level of the activity. Additivity assumes that there are no interactions 
between any of the production activities. Therefore, the additivity 
assunptiai requires that the total use of each resource and resulting total 
measure of effectiveness equal the sum of the oorre^x}nding quantities 
generated by each activity. The divisibility assuitpticxi asserts that the 
activity units can be divided into ar^ fractional level, so that nonintager 
V2dues for the decision variables are permissible. A similar assunption is 
also allied to resource use. ^The certainty assunption maintains that all the 
coefficients vised ir each activity, and resources available, are cmstant. 
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Ulrclerstarxlirig the iirplication of the.^ assunptions is iirportant for usiiig the 
NRIP model and imterpretiiig its results. The limitaticais that these 
assunptions present, however, can be surroourtted. There are sane techniques 
v«iic4i can be used to avoid or lessen the effect of any of the assunptic^. 
They shcxild be used to ocxistnjct any NRIP model viiicii will assess policy 
problems, since policy applications require specieLl txeatanent. 

Model Update 

Ihe NRLP model was designed before 1982 NRI and 1985 RCA data were available. 
Thus, cur description of the model is sotievAiat outdated. The data sources 
used to oonstnict the NRIP have been replaced, but the model strticture remains 
unchanged. (See the appendix for methodology and data used to update the 
model) • 

Saitple Bp licv Anal ysis Usincr the NRIP Model 

The NRIP model provides eoCTmdsts with a means to aradyze the effects of 
agricultural and conservation policy on regional and national agricultural 
production. Its ability to ce^iture the shifts in input use, land shifts, and 
production practices in re^nnse to price ct:anL;:es and regulatory constraints 
allows economists to understand the ooisequenoes of agricultural policy- 

We used the NRIP model, ipiated to 1985, to estimate the regicaial iitplicatiOTs 
of a land restricticxi placed nn hi^y erodible soils. Wfe used a recursive 
modeling technique to link estimated prices obtained from the price-response 
equations of an eoonoietric model with the stpply re^xxise algorithns of the 
NRIP model. The technicwe ties together a system of demand equaticais with the 
NRIP model's system of st^ply equations (6^, j.) . 

Ihe NRIP adjusts acreage and yields based on price and cost changes, v*iile the 
econcxnetric model adjusts price and quantity demands based on production 
changes. The two models are linked in a base year by forcing their naticml 
solutions to have equal ccmodity prices, acreages, yields, arri producticxi 
Ousts. 

The program used in our exaitple aims at retiring 45 millicxi acres of hi^y 
erodible cropland by 199C. Retired cropland was distributed across production 
r.'^^ons by eliminating the most erosive and least productive land from the 
NK^ *(odel's acreage base. This step was taken to determine the program's 
effects on the base estimates. The process was carried out increanentally, 
until 45 million acres of hi^y erosive land were removed from the model's 
acreage base. Econometric projections were then used to set both conitiodity 
prices and st?ply necessary to support those prices (table 6) . The NRIP is 
then used to estimate the regicMial adjustments in crop rotaticais, yields, 
conservation and tillage practices^ erosion levels^ production cost, and crop 
acreages. 

Results 

Table 7 shews crop acreages of seven major crops for 1987, 1990, and 1995. 
The general trend ijidicates that crtvland acreage will rfimain ocaistant frm 
1987-90, and will then increase 7.6 percent by 1995. Because regicml 
distributions of cropland were held owistant by invoking regimal acreage 
OOTStraints, the model yit ds little information on shifts in regional 
acreage* 
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Although the quantity of croplai in producticai is iinportant, productiOTi of 
individual ocimiudities is of greatar interest. Shifts in the relative pricses 
of oOTnodities will incluoe changes in crop rotatiais, tillage practicses, and 



lablo 6— Ocratdty acreage and pricrB projections 



Ocarocjitv 
Nheat 

Oom 

Soybeans 

Barley 

Sorghum 

Oats 

Cotton 



unit 


1987 


1990 


1 

1 1995 


Acres 


1.000 


0.969 


1.085 


Dollcurs 


1.000 


1.089 


1.156 


Acres 


1.000 


.962 


1.021 


Dollars 


1.000 


.970 


1.030 


Acres 


1.000 


1.079 


1.140 


Dollars 


1.000 


1.010 


1.104 


Acres 


1.000 


.936 


1.009 


Dollars 


; .000 


1.000 


1.069 


Acres 


1.000 


1.076 


1.144 


Dollars 


1.000 


1.032 


1.032 


Acres 


1.000 


.987 


.955 


Dollars 


1.000 


1.043 


1.000 


Acres 


1.000 


1.067 


1.076 


Dollars 


1.000 


1.070 


1.123 



Table 7~ Regional crop acres, 1987-95 1/ 



Peaion 


1987 


1990 


1995 






1.000 acres 




Northeast 


5,566.0 


5,603.0 


6,377.0 


^ppalachia 


11,'<48.0 


11,845.0 


12,613.0 


Southeast 


9,408.3 


10,149.3 


10,481.3 


Delta 


24,208.0 


24,901.0 


26,913.0 


Oom Belt 


67,265.0 


67,967.0 


72,485.0 


Lake States 


13,532.5 


14,292.3 


15,107. '5 


Northern Plains 


41,747.6 


41,808.6 


47,534/7 


Southern Plains 


21,489.4 


20,433.5 


21,362.5 


Mountain 


16,398.2 


14,237.2 


14,744.2 


Pacific 


8,254.4 


8,122.4 


3, ''50. 4 


T<?t4a 


219.21 . 


219.359.2 


236.168.7 



X/ Crops vised were barley, ootn, oottcMi, oats, sorghiim, scr/beans, and \gheat. 
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agricultural praJuc* ion. is these yield responses and the cxaisequent 
production changes that shed li^t on agricultural policy effects. 

Tables 8-11 shGW com and wheat acreage and producticai. Com and v*ieat acres 
in eadi region change by the same amount across regicais, ccxisistent with model 
constraints. 

Note that the change in the amount of producticsi of these crops V2aries from 
region to region. Extreme exanples of these variations are the sharp decline 
in com production in the Mountain regioi and the leurge increases in wheat 
production in the Delta, Mountadn, and Nbrthem Plains regions. Results 
generated fran the model indicate that farming practices in the regions vary 
in their ability ^ raise yields v*ule increasing net revenues. Practices 
which are shown to change are the types of crops irrigated, the quality of the 



Table 8 — Change in com acreage, 1987-95 





1990 


199«5 


Northeast 


-0.038 


0.021 


ii^palaciila 


- .038 


.021 


Southeast 


- .042 


.015 


Delta 


- .038 


.021 


Oom Belt 


- .038 


.021 


Lake f^tes 


- .038 


.021 


Nbrthem Plains 


- .038 


.021 


Southern Plains 


- .061 


-.044 


Mountain 


- .041 


.015 


Kicific 


- .038 


.021 


Total 


- .039 


.019 



Table 9— Com production distribution by region, 1987-95 



Reaion 


1987 


1990 


19^^ 


Northeast 


0.03186 


0.03182 


0.03212 


^palachia 


.04714 


.04712 


. 04647 


Southeast 


.01889 


.01778 


.01764 


Delta 


.17559 


.18060 


.18061 


Oom Belt 


.56309 


.57479 


.57432 


Lake States 


.00175 


.00177 


.00175 


Northern Plains 


. 12953 


. 11522 


. 11701 


Southern Plains 


.01655 


.01702 


.01608 


Mountain 


.00963 


.00778 


.00800 


Pacific 


.00597 


. 00610 


.00601 


Total 


1.00000 


1.00000 


1.00000 
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land used to produoe oom and wheat, forms of tillage, and the quantities of 
inputs used. 

A key stzBngth of the NRLP model is its ability to exainine the effects of 
eigricultural poliqr on the Nation's soil resouroe- Table 12 presents 
estimated total soil erosion for 1987, 1990, and 1995. TWo iirportant effects 
can be observed. Ihe first is a 25-peroent decrease in tot2d soil erosicai 
that results frtm removing 45 millicai acres of highly erodible cropland fran 
agricultural production. Ihe secmd is a 0.5-peroent increase in soil erosion 
that occurs as the acreage under cultivatiai rises in response to the hi^ier 
prices exi')ected in 1995. 



Teible 10 — Change in v*ieat acreage, 1987-95 



ppqion 


1990 


1995 


Northeast 


-0.031 


0.084 


;^:palachia 


■-.025 


.054 


Southeast 


.000 


-.094 


Delta 


.029 


.154 


C3om Belt 


-.031 


.084 


Late States 


-.030 


.075 


Northern Plains 


-.021 


.096 


Southern Plains 


-.037 


.074 


Mountain 


-.031 


.084 


Pacific 


-.030 


.088 


Total 


-.025 


.084 



Table 11— Wheat production distribution by region, 1987-95 



Peaion 


1987 


1990 


1995 


Northeast 


0.00735 


0.00641 


0.00633 


;^]palachia 


.03214 


.03091 


.02991 


Southeast 


.02173 


.02197 


.01735 


Delta 


.03857 


.03995 


.04055 


C3om Belt 


.10905 


.10514 


.10536 


Late States 


.09479 


.08746 


.08620 


Northern Plains 


.34179 


.34827 


.35209 


Southern Plains 


.11932 


.11671 


.11464 


Mountain 


.14351 


.14912 


.15353 


Pacific 


.09175 


.09406 


.09405 


Total 


1.00000 


T 00000 


1, 00000 



ERIC 
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Tetle 13 shews the effects of agricailtural policy an net farm revenue. It 
suggests that, natiaially, net farm reventes^ane &q)ected to rise in 1987-95. 
Bje rise, hcMever, is distrihuted unevenly across regions, ihe Com Belt and 
Scuthem Plains will have the largest dollar value Increase in net returns 
during this period. "Lie reasoi for this large increase is due to the large 
value of agricultural production in those regions. The Northeast moves fran a 
positive to a negative net revenue, ihe deficit in the Northern Plains 
shrinks, tut ej?)enditur6s continue to exceed nivenues. When prxxiuction 
subsidies are incorporated into the analysis all regions will show positive 
net revenuts. The only change in the regional distribution, however, will be 
■Jie rise of the Northern Plains, resulting from a large influx of deficiency 
payment funds. ^ 



Table 12~RegicHTal wind and water erosicai, 1987-95 



Recrion 


1987 


1990 


1995 






1.000 tons of soil 




Northeast 
/^^paladiia 
Southeast 
Delta 
C3om Belt 


176,982.8 
271,333.1 
186,254.1 
290,970.7 
971,751.8 


164,254.1 
195,090.9 
122,069.9 
163,027.9 
655,206.6 


165,786.6 
195,335.1 
125,227.1 
155,155.0 
645,112.5 


lake States 
Northern Plains 
Southern Plains 
Mcuiitain 
Pacific 


292,763.4 
605,013.6 
538,420.8 
461,408.9 
89,064.0 


270,554.2 
406,849.8 
476,771.3 
366,827.5 
75,237.2 


280,644.3 
413,874.8 
481,987.5 
369,71-3.3 
78,136.1 


Total 


3,883.963.1 1/ 


2.895.889.2 1/ 


2,910.974.3 



1/ Oolumn does not add due to rounding. 



Table 13— Change in net returns, 1987-95 



Recficai 



Nbrtheast 
Appedachia 
Southeast 
Delta 
Com Belt 

Lake States 
Nbrfchem Plains 
Southern Plains 
Mountain 
Pacific 

Total 



1990 



199f 



-2.0 
-.3 
-.5 
.1 
.1 

.2 
-1.8 
1.0 
2.4 

.3 



-1.6 
-3.3 
1.8 
.8 
.8 

.4 

- .5 
1.5 
4.1 
.4 

1.0 
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Viien analyzing input use change by naans of the NRIf model, researdiers should 
supplement the model with data on current irput use and future irput prices. 
Changes axe best e>qpressed in percentages. Table 14 presents changes in input 
use between 1987, 1990, and 1995. Between 1987 and 1990, there was little 
change in acreage cultivated but a shift to less intensive crop producticxi. 
Ihcse trends, as we}l as the increased use of conservation tillage, esqplain 
the decrease in tillage eiergy, machinery costs, nitrog^ e^lied, and labor 
costs. The increase in pesticide use is also due to greater use of 
conservation tillage practices. Acreage in crop production increased 8.5 
percent between 1987 and 1995. Ihis increase in tilled acreage together with 
the use of conservation tillage practices ea^ladns the shifts in input use in 
1995. 

This exanple shows how the NRIP model can be tised to analyze the effects of a 
program that reduces toe amount of hic^y erosive cropland in agricultural 
production. The same techniques could have been used to examine other 
conservation facets of the 1985 Food Security Act such as omservation 
ocBopliance, the sodbuster provision, and the swair{3buster provision. 
Oonservation oonpliance can be modeled by placing restrictions on the model 
yitddtx prohibits cropping practices resulting in extensive erosion. Extensive 
erosion is erosion in excess of twice the soil tolerance level. The NRIP 
wot'" u then select the most profitable tillage and oonservation practices 
needed to meet this cotistraint. The swampbuster and sodbuster provisions can 
be examined by constraining the land conversion activities in the NRIP. 



Table 14--Change in input use, 1987-95 V 





i Chanoe from 1987 in — 


Item 


Unit 1 


1990 


1 1995 








Percent 


Tillage energy 


Billion gcillons 
diesel fuel 


-2.5 


3.5 


Machinery costs 2/ 


Billion dollars 


-2.3 


3.6 


Labor cx3sts 2/ 


Billiai dollars 


-2.4 


3.5 


Pesticide costs 2/ 


Billiai dollars 


3.4 


14.0 


Nitrogen allied 


Millioi tons 


-1.0 


7.3 


Potash 2^1ied 


Million tons 


1.0 


8.5 


Iho^iiate acplied 


Million tens 


1.2 


8.0 


Tdtal acres planted 


Million acres 


.8 


8.5 



1/ 1985 constant dollars. 

2/ Calculations performed on the seven major ccranodities of barley, com, 
cotton, oats, sor^tium, soybeans, and \A^t. 
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APPENDIX: UPDATING IHE NRIP MDCEL TO 1985 



We describe the procedures used to produce a crop MIDSFT for the NPip model 
■.:enned NRIf MXDSET. It is derived fran the crop MIDSET used in the 1985 
Pesounoes Conservation Act (RCA) analysis, hereafter called IKA MIDSET 
MIDSET is a data set containing detailed input uses, cost of production, 
yield, and soil erosion for each ocrbination of crop rotation and 
conservation-tillage practices. The procedures condense the RCA's MIDSIT of 
land grcx^ into a NRII> MIDSET of six land groi?)s. Ihis MIDSET is used to 
update the NRIP to 1985. Appendix table 1 shows the difference in land groups 
between the two models. 

Cccparing the land gxxxpe between these two MIDSEIS results in th following 
observations: 

(1) Land grcups 1 and 8 of the RCA MIDSET are identical to land groims 
1 and 6 of the NRIP MIDSET. 

(2) Land grctps 5, 6, and 7 of the RCA MIDSET are combined into land 
gccup 2 of the NRLP MIDSET. 

(3) The land in grxxps 2, 3, and 4 of the RCA MIDSET is rearranged into 
land grxx?3s 3, 4, and 5 in the NRIP MIDSET. 

Yield Coefficients 

These three observaticais indicate that the yield indexes of land grxxps l and 
8 in the RCA MIDSET can be used directly. Furthermore, wei^ted yield indexes 



^^jpendix table 1— Hew the RCA and NRIP MIDSETS define land groins 



land qrouD 


RCA MIDSET 
ICC cind SC V 


NRIP MIDGET 
liCJC and SC 1/ 


1 


I, Ilwa, Illwa 


I, Ilwa, Illwa, 


2 


He 


He, Hie, IVe, lis. His, 
IVs, IIw, IIIw, IVW 


3 


Ille 


He, Hie, IVe, RKLS < 50 


4 


ive 


He, Hie, RKLS > 50 


5 


lie. Hie, IVe 


IVe, RKIS > 50 


6 


lis, HIS, IVs 


V, VI, VII, VIII 


7 


IIw, IIIw, IVW 




8 


V, VI. VII. VIII 





1/ K3C and SC denote land capabiliti' class and subclass. 
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for land grcup 2 of the NRIP MTDSET will have to be developed fran the yield 
Ind^of land gmjs 5 6, and 7 of the RCA MTDSET. Ihe new yield indexes 
are cai|wted using the followincr equaticHi: 
7 

NYIij2 = Ryiijk AjjK for all i and j , (18) 
^i=5 Aijk 

^ ^^^^ <^ i on land group 2 in producinci 

area j, which is defined in the NRIP MTDSET; where RYIi^ir is the yield index 
^rS^ °" 5^ producirg area j, which is used in the 1X3^ 

^r^'o^ ^iji^ ^ ^ acreage for i, j, and k obtained fran NRI 

oata. Ihe new NYlA)ij2 coefficient is oorputed using the equation: 

NYIDij2 = ^ijljr^ 

^ij5 ^ ^ 

rl'^^^y f^^""® ^ ^^^^ indexes for laixi groups 3, 4, and 5 follows. 
i£tA and A^Hj^ be the acres of crop i in land group k (k = 2, 3, or 4) in 
5f?f J2 <^th MOD < 50 and > 50, respectively. Let Rn^k be the R(3i 

y^d indexes for i j, and k (k = 2, 3, or 4) . ihe Jew yield can 
ocnputed using equations (20) -(22): 

For land group 3, in NRIP MTDSET we have: 

4 

WifJ-i]3 - _J^^ ^20) 

lf?=2 

For land group 4, we have: 
3 

'««ij4 = J^-^^^^ ^ (21) 

s 

)c=2 

For land grot?) 5, we have: 

NYIij5 = mij4 ^22) 

Using equations (20)-(22) , we develop a table of yield indexes of crop i on 
land group k in producing area j to be used for the NRIP MTDSET. The new 
yield indexes are used to adjust the yield coefficients in the RCA MTDSET. 
New yield coefficients are calculated using the equations: 



2 A2ijj, 



NVIDij3 = EQSij2 X NYIij3 



FYI 



1D2 



(23) 



NYID 




(24) 
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NYIDijs = Eili5ii4 X N^iiS (25) 

v*Tere Rm)|jj2 and NYLD for k = 2, 3, and 4 are yields for crop i in 
region j, in RCA and NRLP MIDSEIS, respectively. 

Soil Loss Ooefficients 

Ihe soil loss coefficients in land groips l and 6 of the NRIP MIDSET are 
identical to the coefficients in land grtxps 1 and 8 of the RCA MIDSET. The 
procedures for estlitating the ooefficients for land groups 2, 3, 4, and 5 of 
the NRU? MIDSET are described. The procedures allcw researchers to calculate 
soil loss ooefficients by usii^g Uhiversal Soil Loss Equaticsi (USIE) cJata in 
the RCA MIDSET. The method for ocrputing coefficients for land grot?) 2 of the 
NRIP MIDSET has three steps. 

(1) Oaiixite wei^ted RKI5 for land groi^js 5, 6, and 7 in each PA from 
the RKLS values by using the 1982 NRI data. 

(2) Oonpute the acreage (ACi^) RKIS of land groi^Ds 5, 6, and 7 in the 
RC^. MIDSET by using NRI data. The average RKLS Tj for regiai j is 
oorputed by using the following equation: 

7 

S (RKLSij X ACi-;) 

Tj = 2^ 1___L (26) 

7 

Z A; 



i=5 



(3) Read rotaticxi activities of lane? groap 6 in the RCA MIDSET. The 
USIE and RKLS values in each rotation are used to calculate the CP 
by the equation: 

CP = USIE (27^ 
RKLS 

The adjusted soil loss coefficient from the rotation is ccrputed by using the 
equation: 

NUSIE = CP X T j (28) 

land grxxp 6 in the RCA inodel is selected as the basis for ccnputing soil loss 
coefficients of land group 2 in the NRLP model. The estimated coefficients 
will give higher soil loss than the aveairaged estimates of land groups 5, 6, 
arid 7 of the RCA MIDSET. The discrqancy, however, probably will not 
significantly contribute to total regicaial soil erosic»i because the sunited 
acreage of these three land groups is small. 

The soil loss ooefficients for land grctaps 3, 4, and 5 of the NKUP model are 
estimated fron data of land groups 2, 3, and 4 in the RCA MIDbET. The 
estimation procedure is ounried out in three steps. 

(1) Cctifxite RKLS for land groups 2, 3, and 4 of the RCA MIDSET for each 
PA by using the 1982 NRT data. 
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(2) Ocxsff^r^jB the weighted RKLS for land grxxps 3, 4, and 5 used in the 
NRLP ncdel fron 1982 NRI data. 



\i& Cdti^te the wei^iti8d dveicv^ RKLS fOx land v^xvai^ 3, 4, cuil 5 
(T3j, T4j, T5j) in PA j for the NRIP MTDSET, \asing the follcwing 
equations: 

4 

T3j = '1 (29) 

}c=2 



B ]2 + B j3 

Tgj = RKL5j4 (31) 

Miere B^j2, B^j3, and B^j4 are cropland acres with RKLS < 50 for 
land grtxjps 2, 3, and 4; and, where B^jj, B?j3, and B2j4 are 
cropland acres with PKIS > 50, RKISj2, RKISj3, and RKISj4 are the 
average RKIS valiaes for corresponding land grxx?DS 2, 3, and 4 in PA 
j . These values are also calculated from the NRI data. 

(3) Use USIE and RKIS in land group 2 of the RCA MIDSET to calculate 

soil loss coefficients of land group 3 in the NRLP MIDSET. Use USIE 
and RKIS data in land grocp 4 of the RCA MTOSET to calculate the 
soil loss coefficients for land groups 4 and 5 of the NRIP MIDSET. 
The procedure i:ises equations (27) and (28) . 

Post Ooef f icients 

Pixduction cost per acre for eacSi nonirrigated production activity is the sum 
of the following costs: maciiinery; labor; pesticides; phosphorous, potassixjon, 
and iiitrogen fertilizers; terracing; and liquid propane gas. 

The following e^lication costs are added, in the case of irrigated production 
activity: variable, fixed, and sunk. Most of these cost items will be 
constant for a ^)ecif ic type of rotation in ^. producing area regardless of 
land groups, exo^ for the follcwing items: phosphorus, potassiijm, and 
nitrogen fertilizers, and liquid propane gas for drying. 

Yield level determines the cost difference between land grrxps. Different 
land groi^)s have different levels of yield, and these costs are adjusted in 
proporticMi to yield change. The following procedure describes hew to estimare 
the cost coefficients for the NRIP MIDSET. 

(1) Cost coefficients for the second land grotp in NRLP MIDSET are 
estimated in the following way: 

NYIij2 

YRij2 = (32) 

RYIi^s 
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w»iere RHi-u is the yield Lidex cjoefficient in the MIDSET of the RCA 
MIDSET. NYIij2 ^ ^ index calculated by equaticxi (18) . 

By using YR. the new costB are calculated by the equations: 

NIW»ij2 = YRj j2 X FHOSijs (33) 

NPOTAij2 = ^ij2 X KnAij2 (34) 

NNnRij2 = «lij2 X NTIRijs (35) 

NI«3ij2 = ^ij2 X LPFijs (36) 

FHQAij^^ PCJIAij5^ NTIRij;, and LPFij are variables ft r phosphorus, 
potassium, nittogen, and liquid propane in the RCA MIDSET. Ihe 
variables NFH0Sij2/ NrrRii2' NnRij2' ^ NIJPGi-;2 are correspondirg 
variables used in the NRLP MIDSET. 



Cost coefficients for land groqps 3, 4, and 5 of the NRIP MIDSET are 
calailated in the following way. Ihe yield indexes YIij3, NYIi-j4, 
and NYIij5^ v4iich were calculated from equations (21)-(23), are 
used. Procedures similar to those shown in equations (32) and (36) 
are used for the oonputatiCTi. 

The cost coefficient in land grotps 1 and 6 in the NRIP MIDSET are 
the same as the coefficiants of land groups 1 and 8 in the RCA 
MIDSET. 
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ture Each issue explores a different aspect of income and expenses National and 
State financial summaries, production and efficiency statistics, co-ts of psoduction 
and an annual overview 5 issues. $ 1 2 00 domestic. $15 00 foreign 



Farmhne: Written for farmers, farm-related businesses, and others dependent on agricul- 
ture Concise, fact-filled articles focus on economic conditions facing farmers, how the 
agricultural environment is changing, and the causes and consequences of those changes 
foi farm and rural people 11 issues. $1 1 00 dorr^stfc. $13 75 foreign 



National Food Review: Analysis and data on food consumption, food prices, export 
opportunities, product safety, nutrition, marketing developments, and processing 
technologies for those who manage, monitor, or depend on the Nation's food system 
Includes updates on LSDA rulings and Federal legislation affecting food 
4 issues, $1 0 00 domestic. $ 1 2 50 foreign 



Rural Development Perspectives: Crisp, nontechnical wnleups on the results of new rural research 
and what those results mean Shows the practical application of research in rural banking, aging 
housing, the nonmetro hbor force, poverty, and farming policies' effect on rural areas 
3 issues, $9 00dD.7ic;stic. $n 25 foreig.i 

Subscribe today by calling (301) 9^3-2515 



UNITED STAT£S DEPARTMENT OF AGRICULTURE 
ECONOMIC RESEARCH SERVICE 

1301 NEW YORK AVENUE, NW 
WASHINGTON. D. C. 20005 4788 
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